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ABSTRACT HEADING 
Ground Source Heat Pumps (GSHP) are capable of reducing energy consumption by operating at higher efficiencies than conventional gas systems, especially 
if coupled with refrigeration units such as in supermarkets. In principle, the heat rejected by refrigerators can be harnessed to raise the efficiency of the heat 
pumps. This paper presents the results of an operational and economic analysis conducted on this innovative system. Overall, the efficiency of all the GSHP 
systems under consideration appears to be above the eligibility threshold for the UK Government’s incentive (Renewable Heat incentive, RHI), with the 
average Seasonal Coefficient of Performance (SCOP) of the stores being 3.0 in 2014. From an economic perspective, such average performance leads to 
more than £120,000 of operational savings per year compared to gas boiler systems. Calculations show an investment Payback Time (PBT) of less than 
8 years. Finally, the paper highlights potential cost reductions achievable through operational and design modifications. Overall results show that GSHP 
coupled with refrigeration systems present sound fundamentals to be considered as an attractive investment opportunity for food retailers.  
INTRODUCTION 
Food retailers in the UK account for more than 1% of the total GHG emissions, roughly constituting the 3% of 
the total energy consumed (Tassou, Ge, Hadawey, & Marriott, 2011). Large part of the energy consumed by 
supermarkets is represented by their heat demand, which can be efficiently satisfied by ground source heat pumps. This 
technology can effectively lower the energy consumption, especially if coupled with refrigeration systems. Through a 
conscientious configuration design, the large amount of heat rejected by refrigerators can be reutilised to increase the 
efficiency of GSHP, which can evenly spread the heat in the building at a lower energy consumption compared to 
conventional systems. Multiple arrays of boreholes, up to 200m underneath the ground, can store the surplus of heat 
dispensed by the refrigeration units during the summer and deliver it to the heat pumps during the winter. Economic 
and carbon savings of a GSHP investment relative to conventional systems stem partly from the higher efficiency of 
the heat pumps compared to gas boilers, but mainly from an improvement in the refrigeration units consumption. The 
water loop interfaced with the refrigerators condensers allows them to operate at temperature, typically up to ~18°F 
(10°F) lower (GeoscarTM, n.d.), directly benefitting the COP of the refrigeration units. 
This paper is constituted of five main sections. First, results stemming from the literature review provide an 
overview on the most relevant studies on refrigeration and heat pump systems, shedding some light on the performance 
of the two systems coupled together. Successively, a generic system and its main components are described, followed 
  
by a performance assessment providing the methodology of the operational analysis conducted and a ranking by system 
efficiency across the different supermarkets. The fourth section shows how the impact of the operational performance 
on the economics of a potential investmet, in comparison with a conventional gas system while the last section discusses 
the benefits of a streamlined configuration with promising characteristics. 
LITERATURE REVIEW 
While heat pumps connected with refrigeration systems represent a relatively new system, not exhaustively 
discussed in the literature yet, many studies have been conducted on the functioning of the two technologies operating 
separately. This literature review therefore focuses on examples of implementations and heat recovery systems 
potentially relevant to the system analyzed in this paper.  
Numerous are the implementations able to improve the efficiency of refrigerators and heat pumps. Some can be 
effectively applied to both systems, as they hinge upon the same physical principles. First, the throttling valve between 
condenser and evaporator can be replaced by an expansion turbine, functioning as a reverse compressor able to bring 
the refrigerant fluid post-condensation to a lower enthalpic state. Results appear to depend on the refrigerant in use, 
showing an increase of the COP to 50% for CO2 running in transcritical state (Fukuta, Yanagisawa, Nakaya, & Ogi, 
2006). Second, additional processes to the standard refrigeration cycle such as subcooling, alongside an adequate 
configuration design, seem to be able to deliver significant improvements to the heat recovery, leading to considerable 
energy savings. However, the integration of these processes increments the complexity of the whole system, requiring 
a more careful management to secure adequate technical and financial performance (Sawalha, 2013). Among the 
implementations more suitable for supermarkets, conscious algorithms are able to minimize consumption of auxiliary 
water pumps (Edwards & Finn, 2015:p.51), which can account for an appreciable fraction of the electricity consumed. 
An amelioration of operating conditions can be also achieved for refrigeration systems, in particular by coupling the 
evaporator of the medium temperature (MT) fridge pack with the condenser of the low temperature (LT) one. This 
configuration leads to a trade-off between the COP of the two refrigerators with the opportunity to set the operating 
temperature at an optimal point (Yang & Zhang, 2011:p.229). 
Finally, recent studies on systems characterized by ground source heat pumps coupled with a thermal storage 
(which, under certain aspects, is similar to a source of heat deriving from an array of fridge packs) show promising 
results. Both heating and cooling demand of a building located in a cold location like Harbin, in the North-east of China, 
can be satisfied at COP equal to 4.29 with improved flexibility (Wang et al., 2010). For more southern locations, a similar 
solution based on the use of thermal collectors presents COP ranging from 4.4 to 5.8 depending on latitude (Girard et 
al., 2015:p.37). 
DESCRIPTION OF THE SYSTEM 
The system analyzed in this paper is a GSHP coupled with LT and MT refrigerators in a UK supermarket. The 
configuration chosen is the most advanced as well as the most common across the supermarkets taken in consideration. 
The system (Figure 1) can be seen as constituted of a water loop interfaced with three main elements:  
 
 The Borehole Heat Exchangers (BHE) constituted of 15 closed loops, placed in holes extending up to 650ft 
(~200m) below the ground surface.  
 Custom-built water-to-water heat pumps, coupled with a water loop on the condenser side, which is in turn 
connected to the heating system units. Most of the power capacity serves the Air Handling Units (AHU) as well as 
Back-Heaters (BH) and Door Heaters (DH) while a small heat pump provides (Domestic) Hot Water (DHW). 
Since the hot water is usually needed at temperature higher than 122°F (50°C), the evaporator of the DHW heat 
pump is interfaced with the water returning from the heating system units (for this reason in figure 1 the DHW 
appears reversed). This consents the DHW water heat pump to operate at COP close to the one of the Low 
  
Temperatures Hot Water (LTHW) heat pumps. 
 LT and MT refrigeration units with condensers interfaced first with the main water loop and second with air 
ventilated condensers placed on the roof, to transfer any remaining low-grade heat to the atmosphere. 
These three elements permit the system to satisfy the heat demand of a supermarket in two seasonal operating 
modes: 
 Summer mode: after increasing its temperature through the heat exchangers of the refrigerator condensers, the 
water flow delivers energy to the ground restoring the temperature of the boreholes. Most of the thermal energy 
is exchanged with the boreholes as the heat pumps tend to operate at low utilization rates during hot months. 
 Winter mode: the water flow is first heated by the refrigerator condensers, then by the boreholes water loop which 
transfers the thermal energy stored during the summer to the water flow. As a result, the point past the boreholes 
interface normally presents the highest water temperature in this operating mode.  The water flow is then cooled 
down by transferring energy to the heat pumps. This raises the evaporators temperature and hence the efficiency 
of the heat pumps.  
 
Through this configuration, GSHP systems coupled with refrigerators present three main advantages: 
 
1. The refrigeration COP is improved by lowering the condensing temperature through a cold water loop interface. 
2. The water loop harnesses the wasted heat out of the refrigeration units and delivers it to the store through heat 
pumps, increasing their efficiency during cold months. 
3. During the summer the water flow replenishes the ground by transferring heat to the boreholes. This is necessary 
as some heat is withdrawn from the ground during the winter as in a standard ground source system. By storing 
heat back to the boreholes when not needed, the temperature below the ground does not risk to drop too sensibly. 
Consequently, the lifetime of the ground source system, which is usually restrained by increasingly lower 
temperatures year after year, can be extended. 
Figure 1. System diagram (Source Sainsbury’s) 
  
PERFORMANCE ASSESSMENT  
The first part of the analysis hinges upon the evaluation of the performance of the systems across the supermarkets. 
The same empirical dataset has been collected in all the stores, which overall present similar characteristics.  The main 
efficiency indicator taken into account is the COP of the GSHP part of the system, calculated on monthly basis as 
follows:  
 
 
     ` 
  
where the numerator represents the heat dispensed to the store through the LTHW and DHW units, while the electricity 
consumption takes into account all the electricity consumed by the whole system. In particular this is constituted of:  
 
 The heat pumps compressors. 
 The circulating pumps and auxiliary devices both on the heat pumps evaporator and condenser side as well on the 
boreholes loop (does not include Fridge Pack electricity consumption).  
 
The overall performance over the year will be represented by the SCOP, calculated as total heat delivered divided 
by the total electricity consumed throughout the year. It is important to highlight that the RHI eligibility depends on 
this value, as it requires the minimum SCOP to be as high as 2.5 (Ofgem, 2015a:p.11).  
 
Operational Ranking 
 
Figure 2 synthesizes the performance of the GSHP systems of all the stores under consideration throughout 2014. 
First, it can be noticed that despite few unusual profiles such as A and I, the average COP across the supermarkets is 
sensibly higher during cold months. A few observations can be made in regard to this: 
The efficiency drop is inversely related to the heat demand. When this is low (i.e. during the summer) the efficiency 
deteriorates as circulating pumps require electricity irrespective of the heat to deliver. An increase of heat demand 
therefore lowers the fraction of the electricity consumed by auxiliary pumps in respect of the total electricity consumed, 
bringing the COP toward its maximum value. Even if the efficiency drop is considerable (up to 40%), the poor efficiency 
during warm months has little impact on the overall efficiency, since the SCOP is calculated through on the annual heat 
delivered and electricity consumed, which mostly occurs when the COP is high. While I’s trend has been heavily affected 
by gaps in data, supermarket A presents a peculiarity not related to poor measurements quality. Efficiency hovers around 
GSHP COP  GSHP COP = 
Heat delivered 
Electricity consumption 
Figure 2.. COP monthy profiles 2014. (Source Sainsbury’s) 
  
Heat generated [kWhth] 
high levels also during the summer as the store delivers thermal energy to the surrounding shopping mall as well, 
conveying that good efficiency does not necessarily imply good performance. 
 
From a higher-level perspective, it can be noticed that all the stores are theoretically eligible for the RHI, which 
reflects the UK Government’s intention to promote energy savings through high efficiency. Therefore, all the stores 
can be considered to present a good efficiency. Despite the fact that the thermal aid delivered by the refrigeration units 
brings significant benefit to the efficiency of the system, it is worth mentioning two other factors related to the suitability 
of GSHP for supermarkets: 
 
 The temperature inside the stores is normally 19°C throughout the year, considerably lower than the one in 
domestic buildings. The possibility to keep such a low temperature does not require the temperature of the air out 
of the AHU and, in turn, of the circulating water interfaced with the heat pump condensers to be as high as in 
other applications, with direct benefit to the COP. 
 Stores do not necessitate to quickly raise the ambient temperature inside the building, differently from what 
happens in dwellings, where people want to warm up the ambient as soon as possible, upon coming back home 
(Le Feuvre, 2007). 
ECONOMIC ASSESSMENT 
Electricity savings obtained by GSHP heat pumps coupled with refrigeration units in comparison with 
conventional gas boilers, are calculated as function of different SCOP. In order to base all the calculations on figures as 
close to reality as possible, the same efficiency profile previously showed in figure 2 is used. Moreover, the calculation 
uses electricity costs on half hourly basis, since supermarkets are charged through a variable electricity tariff.  
Economic savings can be identified as stemming from: 
 
 Refrigeration improvement: Based on an average improvement equal to 30% (Rivers, 2014), it is linearly varied 
according to the external temperature as the thermal aid is more effective during hot days (the cold air during the 
winter would deliver a benefit similar to the cold water). The refrigeration improvement was set at 0% at the lowest 
temperature recorded in 2014 and at X% at the highest temperature. X is the value such that the overall 
improvements equal 30%. In addition to this, the analysis uses a half-hour resolution for electricity prices, 
consenting to take into consideration refrigeration consumption patterns in correlation with electricity price 
profiles.  
 Better efficiency of GSHP compared to gas boilers: GSHP electricity costs are simply calculated by multiplying 
the electricity tariff by the electricity consumption, while for gas conventional systems, by multiplying the heat 
demand (kWh) per the gas unit rate equal to 0.032 p/kWhth, assuming an efficiency equal to 85% 
 RHI: 8.80 p/kWhth for the first 1314 hours and 4.40 p/kWhth above, in accordance with the government directives 
(Kensa Heat Pumps, n.d.). The number of hours is to be intended as follows: 
 
Number of hours =  
 
Then, the rate has to be multiplied by 0.647 since part of the heat pumps efficiency stems from the heat rejected 
by refrigerators. Therefore, not all the thermal output can be considered eligible (Court, 2010).  
 CRC savings: In the UK, any business consuming more than 6,000 MWh per year of electricity is required to 
abide by the Energy Efficiency Scheme. One of the primary elements of this scheme is a carbon tax as high as 
£15.60 per tonne of CO2 in 2014 (Carbon Trust, 2015). Carbon emissions per unit of energy are based on the 
following values, which include transmission emissions as well (DEFRA(a), 2007)(DEFRA(b), 2007): 
o Electricity: 1.15 lbCO2/kWh (0.520 kgCO2/kWh). 
Thermal capacity [kWth] 
  
o Gas: 0.48 lbCO2/kWh (0.203 kgCO2/kWh). 
 Capital avoided on gas boiler replacement: Should an investment in GSHP coupled with refrigeration units be 
undertaken, existing gas boiler systems would not need to be replaced by new ones in the upcoming years. The 
replacement of the conventional unit is assumed to cost £50,000.  
 Maintenance: Gas boiler systems are significantly simpler to maintain. It has been estimated 1,500 £/year 
(Fragaki, 2008), considering four boilers would be installed (as many as the heat pumps units), requiring roughly 
400£ of maintenance costs per boiler per year. On the other hand, GSHP system are assumed to require £15,000 
per year (Source: Sainsbury’s).  
 
Results and Discussion 
 
First of all, it is interesting to notice that despite the SCOP of the system, both economic and carbon savings are 
in favor of GSHP system (figure 3). However at low efficiencies the balance is positive uniquely due to the improvement 
of the refrigeration systems. Secondly, it can be observed that the savings deriving from the refrigeration improvement 
are somewhat considerable.  
A lower electricity consumption of the refrigeration systems contributes sensibly more than the higher efficiency of heat 
pumps compared to gas boilers, which could have been intuitively considered as the major factor. Finally, once the 
SCOP is greater than 2.5, the RHI accounts for roughly the 50% of the approximately £120,000 of savings. This is a 
clear indicator of the quality of the calibration of the incentive in support of GSHP.  
However, it is necessary to bear in mind that at the same time the profitability of the investment can be jeopardised by 
such a significant reliance on the government support, which is not to be considered void of risk. 
Figure 4 conveys further pieces of information, which provide a more accurate evaluation of the quality of the 
investment. Operational savings are extended over the five-year period ranging from 2014 to 2018 according to the 
projections on electricity and gas prices. The Pay Back Time (PBT) of the investment (defined as PBT = Operational 
savings / Capital required and calculated through estimated capital expenditures as if the investment is undertaken in 
each of the years) lies at the top of the bars. The chart also comprises all the savings levers.  
It appears that operational savings stemming from the higher efficiency of heat pumps in comparison with gas boiler 
systems are not even able to offset maintenance costs. This represents the main reason GSHP are heavily subsidized 
and the attractiveness of coupling them with refrigeration units. Moreover, it can be observed that even if electricity is 
increasingly more expensive than gas over the next years, the savings deriving from the refrigeration improvement will 
grow, attenuating the impact of the unfavorable scenario. Given the suitability of GSHP for satisfying the heat demand 
of supermarkets in combination with electricity and gas price projections, it is worth mentioning that a different heat 
pumps technology might become a more attractive investment to food retailers. Supplied by gas, but operating at an 
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Figure 3. Operational savings as a function of the SCOP 
  
average Gas Utilization Efficiency (GUE) substantially higher than gas boilers while maintaining the same characteristics 
of electric GSHP, Gas Driven Heat Pumps (GDHP) would embed the best of both technologies.  
 
ALTERNATIVE CONFIGURATION 
Basing on the information collected through the operational and economic analysis of the system, the study of the 
performance of a system deprived of boreholes, with heat pumps directly interfaced with the refrigeration units on the 
evaporator side, is conducted. This new configuration presents numerous differences if compared to the previous one 
from both an operational and economic perspective. First, the efficiency of the heat pumps is expected to deteriorate 
since there would not be heat delivered to the heat pumps evaporators in addition to the one transferred by the 
refrigeration units. Second, improvement on refrigeration would be reduced, especially during the summer, when the 
water would struggle to be cooled down to its initial value given the absence of boreholes drawing heat from it. On the 
other hand, the auxiliary components of the system would consume less, saving on the energy needed by the boreholes 
circulating pumps. Finally, the economics of the investment would be characterized on one hand by a CAPEX reduction 
(estimated at about 60%), which would make the investment much more affordable, on the other by the absence of a 
subsidy, since the system would no longer be eligible for the incentive. This last aspect should not be considered as 
entirely negative as it would extinguish reliance on the incentive. 
Results based on conservative hypothesis on the points discussed above present a PBT equal to only 6 years. A 
pilot project recently implemented in a smaller store, has showed a PBT even as low as 2.1 years. The main difference 
lies in the size of the store: there is an optimum size for which the ratio between the heat rejected by the refrigeration 
units and the heat demand of the store reaches a maximum. These results, combined with the numerous advantages 
stemming from the simplicity of the configuration make this system worth investigating in more details. 
 
CONCLUSION 
 
This paper aims to describe the results of an operational and economic analysis of GSHP coupled with refrigeration 
units in ten supermarkets across the UK.  
        The first part of the analysis shows that the average SCOP among the stores appeared to be as high as 3.0 in 2014, 
with each system presenting an efficiency above the RHI eligibility threshold (set at a SCOP of 2.5). Results also portray 
a strict dependency of the efficiency upon the period of the year. Such correlation leads to an efficiency drop during 
hot months up to 40% compared to the winter. Nonetheless, the impact on the SCOP results relatively small, due to 
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Figure 4. Operational savings based on electricity and gas price projections from 2014 to 2018, at average SCOP= 3.0 
  
the lower heat demand during the summer conveying that GSHP coupled with refrigeration units appear to be suitable 
systems for satisfying the heating needs of supermarkets.  
From an economic perspective, operational and carbon savings against conventional systems result positive for 
any SCOP ranging from 2 to 4. In particular, until the efficiency is not high enough to grant the RHI, the balance 
remains in favor of the GSHP system uniquely due to the enhancement of the performance of refrigeration units. At 
the average SCOP among the stores equal to 3.0, more than £120,000 per year can be saved, with the RHI accounting 
for roughly the 45% of the total savings. Moreover, despite the large capital expenditures necessary to design, build and 
install the system, the PBT of an average-performance system commissioned in 2015, is only 7.9 years. 
Finally, results stemming from a different system configuration show promising results. By taking the boreholes 
out of the system and connecting the refrigeration systems directly with the heat pumps, the investment would present 
significant reduced capital expenditures as well as a considerable part of the costs associated with the electricity 
consumed by the circulating pumps in the boreholes water loop. This would shrink the PBT by nearly two years showing 
great potential for a similar system in smaller supermarkets, characterized by a high ratio between the heat rejected by 
the refrigeration packs and the heat demand.  
Overall, GSHP couple with refrigeration units can be regarded as an efficient system able to provide food retailers 
with a solid alternative to conventional systems. 
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